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(57) ABSTRACT 

A semiconductor device, comprising a semiconductor chip; 
a pad electrode; an electrode portion; a wiring portion. An 
insulating portion is formed from electrically insulating 
material, covering the Surface of the semiconductor chip and 
sealing the sensor element, wiring portion and electrode 
portion, in a state which exposes at least the electrode 
portion on the surface of the semiconductor chip. The 
electrode portion is placed in a position which does not 
overlap with the sensor element in the thickness direction of 
the semiconductor chip. 

7 Claims, 17 Drawing Sheets 
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SEMICONDUCTOR DEVICE, MAGNETIC 
SENSOR, AND MAGNETIC SENSOR UNIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a semiconductor device of the 

Surface-mountable type. Such as chip-size packages or simi 
lar. 

This invention further relates to a magnetic sensor and 10 
magnetic sensor unit for measurement of the direction of a 
magnetic field. 

Priority is claimed on Japanese Patent Applications No. 
2004-87.139, filed Mar. 24, 2004, and No. 2004-87.140, filed 
Mar. 24, 2004, the content of which is incorporated herein 15 
by reference. 

2. Description of the Related Art 
Recent years have seen the appearance of LSI and other 

semiconductor devices formed in dimensions Substantially 
the same as those of the semiconductor chip. Such as 20 
chip-size packages (hereafter called “CSPs') and similar, 
and capable of Surface mounting. Such technologies are 
attracting attention as mounting technologies suitable for 
Smaller and lighter electronic equipment (see for example 
Japanese Patent Application, First Publication, No. 2002- 25 
156204). 

In conventional Surface-mounted semiconductor devices, 
a plurality of bump electrodes for electrical connection to 
the mounting board are arranged on the top side of the 
semiconductor chip, having equal widths. 30 

That is, as shown in FIG. 12, a plurality of virtual lattice 
lines L21 are provided, extending in one direction (the X 
direction) along the Surface of the semiconductor chip, so as 
to divide the surface of the semiconductor chip substantially 
equally. 35 

Further, similarly to the above, a plurality of virtual lattice 
lines L22 are also provided, extending in a direction (the Y 
direction) along the Surface and orthogonal to the X direc 
tion, so as to divide the Surface of the semiconductor chip 
substantially equally. A plurality of bump electrodes 97 are 40 
then arranged, with one each at the intersections of these 
lattice lines L21, L22. Each of the bump electrodes 97 is 
electrically connected to a pad electrode 95 on the surface of 
the semiconductor chip by a wiring layer provided on the 
Surface of the semiconductor chip. 45 

In order to reduce the size and weight of electronic 
equipment, integration of semiconductor devices with func 
tional elements is also being employed. Such semiconductor 
devices are provided with, for example, magnetic elements, 
Hall elements, piezo elements, or other sensor elements 50 
having electrical functions, arranged either together with or 
on the Surface side of the integrated circuits on the Surface 
of the semiconductor chip. The sensor element is placed in 
a prescribed position on the Surface of the semiconductor 
chip. That is, for example in a case in which sensor elements 55 
are magnetic elements used for measurement of the direction 
of an external magnetic field, when the semiconductor 
device is mounted on a mounting board, the direction of the 
magnetic field to be detected by each Such magnetic element 
must be confirmed, and the magnetic elements must be 60 
positioned at a distance from each other so as not to be 
affected by other elements; hence elements are arranged in 
the peripheral portions of the surface of the semiconductor 
chip or in other predetermined positions. 

However, the sizes of the semiconductor chips of the 65 
above conventional semiconductor devices are themselves 
tending to become Smaller with each passing year, so that 

2 
wiring portions and bump electrodes 97 are arranged in 
positions which overlap with sensor elements 99 in the 
semiconductor chip thickness direction. In the case of Such 
a configuration, when the semiconductor device is mounted 
on a mounting board, the stress of the bump electrodes 97 
reaches the sensor elements 99. And in the case of such a 
configuration, if there is bending in the region of the 
mounting board on which the semiconductor device is 
mounted, with the semiconductor device in the mounted 
state on the mounting board, stress arising from the bending 
of the mounting board reaches the bump electrodes 97 and, 
via posts and wiring layers, the sensor elements 99. More 
over, when in Such cases the semiconductor device is 
mounted or operated, heating of the semiconductor device 
occurs, and stress arises from thermal deformation of wiring 
layers at this time, so that the stress on the wiring layers also 
reaches the sensor elements 99. 

That is, when a semiconductor device is mounted on a 
mounting board, or when a semiconductor device is caused 
to operate, the stress on the bump electrodes 97 and wiring 
layers reaches the sensor elements 99, and so there is the 
problem that the characteristics of the sensor elements 99 
may fluctuate or be degraded. 

Further, when sensor elements 99 may affect a magnetic 
field, as in the case of magnetic elements and Hall elements, 
if bump electrodes 97, posts and wiring layers are placed in 
positions overlapping with sensor elements 99, there is the 
problem that the characteristics of the sensor elements 99 
may fluctuate due to the current-induced magnetic field 
arising due to current flowing in posts and wiring layers. 

In the prior art, magnetic sensors are provided which 
detect magnetic fields for measurement of the direction in 
three dimensions of an external magnetic field. As this type 
of magnetic sensor, there are sensors in which a magneto 
sensitive portion (magnetic sensor chip) is affixed to the 
Surface of a magnetosensing Surface holding plate, and the 
magnetosensensing Surface holding plate and magnetosen 
sitive portion (magnetic sensor chip) are sealed with mold 
compound (see for example Japanese Patent Application, 
First Publication No. 2002-156204). 

Here, the magnetosensitive portion is configured so as to 
detect magnetic components in a direction along the Surface 
of the magnetosensing Surface holding plate. The magneto 
sensing Surface holding plate and magnetosensitive portion 
are covered by mold compound in a state of contact with the 
Surface of the circuit board or other element Supporting 
portion and inclined with respect to the horizontal base. That 
is, in the state in which the magnetic sensor is mounted on 
the element Supporting portion, the plate and the magneto 
sensitive portion are inclined with respect to the surface of 
the element Supporting portion. By providing two of the 
magnetic sensors on the element Supporting portion, Such 
that the directions of inclination of the two magnetosensitive 
portions with respect to the surface of the element support 
ing portion are different, the three-dimensional direction of 
an external magnetic field can be measured. 

However, in the case of a magnetic sensor with the above 
configuration, the magnetosensitive portion is affixed to the 
Surface of the magnetosensing Surface holding plate using 
silver paste. At the time of this affixing, the silver paste must 
be melted, so that the magnetosensitive portion and the 
magnetosensing Surface holding plate are heated to elevated 
temperatures. 

However, in the case of the above magnetic sensor of the 
prior art, because the magnetosensing Surface holding plate 
and the magnetosensitive portion are heated, when the 
magnetosensing Surface holding plate and the magnetosen 
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sitive portion comprise materials with different thermal 
expansion coefficients, bending of the magnetosensitive 
portion occurs due to the difference in thermal expansion 
coefficients. And when bending occurs in the magnetosen 
sitive portion, there is the problem that the characteristics of 
the magnetosensitive portion are degraded, and the three 
dimensional direction of an external magnetic field cannot 
be measured accurately. 

This invention was devised in light of the above-described 
circumstances, and has as an object the provision of a 
semiconductor device which can Suppress fluctuations in 
and degradation of the characteristics of a sensor element 
provided on the Surface of a semiconductor chip. 

This invention was devised in light of the above-described 
circumstances, and has as a further object the provision of a 
magnetic sensor and magnetic sensor unit which prevent 
degradation of the characteristics of a magnetic sensor chip, 
and enable accurate measurement of the three-dimensional 
direction of a magnetic field. 

SUMMARY OF THE INVENTION 

In order to resolve the above problems, in this invention 
the following means are proposed. 

The invention of first aspect proposes a semiconductor 
device, comprising a semiconductor chip on the Surface of 
which are formed integrated circuitry and a sensor element, 
electrically connected thereto; a pad electrode, formed on 
the Surface side of the semiconductor chip, and electrically 
connected to at least the integrated circuitry; an electrode 
portion, positioned on the Surface side of the semiconductor 
chip, and electrically connecting the semiconductor chip to 
external circuitry; a wiring portion, electrically connecting 
the pad electrodes to the electrode portion; and an insulating 
portion, formed from electrically insulating material, which 
covers the Surface of the semiconductor chip and seals the 
sensor element, wiring portion, and electrode portion, in a 
state which exposes, at least, the electrode portion on the 
Surface side of the semiconductor chip; and characterized in 
that the electrode portion is arranged in a position which 
does not overlap with the sensor element in the thickness 
direction of the semiconductor chip. 

Here, “sensor element denotes an element having elec 
trical functions such as those of a magnetic element, a Hall 
element, a piezo element, or similar. 
By means of a semiconductor device of this invention, 

when mounting the semiconductor device on a mounting 
board as an external circuit, the semiconductor device is 
pressed against the mounting Surface of the mounting board 
in a state in which the surface side of the semiconductor chip 
faces the mounting Surface of the mounting board. Here, the 
sensor element and electrode portion are arranged in posi 
tions which do not overlap, and the stress at the electrode 
portion due to the pressing which reaches the sensor element 
can be reduced. 

Further, even in cases in which there is bending of the 
mounting Surface of the mounting board when mounting the 
semiconductor device, stress arising from the bending of the 
mounting board which reaches the sensor element from the 
electrode portion can be reduced. 

Moreover, when causing the semiconductor device to 
operate, an electromagnetic field arises due to the current 
flowing in the electrode portion, but because the sensor 
element and electrode portion are arranged at a distance, 
even when the sensor element is affected by a magnetic field, 
as in the case of a magnetic element or Hall element, the 
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effect of the current-induced magnetic field of the electrode 
portion on the sensor element can be reduced. 
The invention of a second aspect proposes the semicon 

ductor device characterized in that the wiring portion is 
arranged in a position which does not overlap with the 
sensor element in the thickness direction of the semicon 
ductor chip. 
By means of a semiconductor device of this invention, 

when there is bending of the mounting Surface of the 
mounting board on which the semiconductor device is 
mounted, even if stress arising from the bending of the 
mounting board in the state in which the semiconductor 
device 1 is mounted on the mounting Surface reaches the 
wiring portion from the electrode portion, the stress reaching 
the sensor element can be reduced. 

Further, when the semiconductor device is mounted on 
the mounting board or when the semiconductor device is 
caused to operate, the semiconductor device is heated and 
thermal deformation of the wiring portion occurs; but even 
if stress on the wiring portion occurs due to this thermal 
deformation, the stress of the wiring portion which reaches 
the sensor element can be reduced. 

Moreover, when the semiconductor device is caused to be 
operated, a current-induced magnetic field occurs due to the 
current flowing in the wiring portion; but because the sensor 
element and the wiring portion do not overlap, even when 
the sensor element is affected by a magnetic field, as in the 
case of a magnetic element or Hall element, the effect of the 
current-induced magnetic field of the wiring portion on the 
sensor element can be reduced. 
The invention of a third aspect proposes the semiconduc 

tor device characterized in that a plurality of the above 
electrode portions are provided, a plurality of first lattice 
lines are Supposed, extending in one direction on the Surface 
of the semiconductor chip, arranged at Substantially equal 
intervals so as to Substantially equally divide the Surface, a 
plurality of second lattice lines are Supposed, on the Surface 
and intersecting with the first lattice lines, arranged at 
Substantially equal intervals, and each of the points of 
intersection of the first lattice lines and the second lattice 
lines are taken to be virtual placement positions for the 
electrode portions; characterized in that, among the elec 
trode portions, one electrode portion which does not overlap 
with the sensor element in the thickness direction is placed 
in the virtual placement position, and the other electrode 
portions among the above electrode portions are placed in 
positions moved, from the virtual placement position, in a 
direction away from the sensor element along first lattice 
lines or along second lattice lines, and on the first lattice 
lines or on the second lattice lines, the number of electrode 
portions placed between adjacent lattice lines is one or less. 
By means of a semiconductor device of this invention, the 

distances between the other electrode portions shifted from 
the virtual placement positions and the virtual placement 
positions are shorter than the distances between virtual 
placement positions which are adjacent along the first and 
second lattice lines (distances between adjacent lattice 
lines), and by making the number of electrode portions 
placed between adjacent lattice lines equal to one or less, the 
distances between adjacent electrode portions can be main 
tained to be equal to or greater than the distances between 
the placement positions. 
The invention of a fourth aspect proposes the semicon 

ductor device characterized in that a plurality of the above 
sensor elements and a plurality of the above electrode 
portions are provided, and the positional relationship 
between each of the sensor elements and the electrode 
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portions placed in the environs of the sensor element, as well 
as the number of electrode portions placed in the environs of 
each sensor element, are the same for all of the sensor 
elements. 
By means of a semiconductor device of this invention, 

even if stress is applied to electrode portions at the time of 
mounting on a mounting board, all of the sensor elements 
each receive stress of the same magnitude from the electrode 
portions in the environs thereof, so that the characteristics of 
all the sensor elements are modified equally. 
The invention of a fifth aspect proposes the semiconduc 

tor device characterized in that one electrode portion placed 
in a position adjacent to the above sensor element is formed 
to be small compared with other electrode portions placed at 
a further distance from the sensor element than the one 
electrode portion. 
By means of a semiconductor device of this invention, by 

forming one electrode portion adjacent to a sensor element 
to be smaller than other electrode portions, the electrode 
portion can easily be placed in a position which does not 
overlap with the sensor element, without modifying the 
placement of the electrode portion. 
The invention of a sixth aspect proposes a semiconductor 

device, comprising a semiconductor chip on the Surface of 
which are formed integrated circuitry and a sensor element, 
electrically connected thereto; a pad electrode, formed on 
the Surface side of the semiconductor chip, and electrically 
connected to at least the integrated circuitry; a plurality of 
electrode portions, positioned on the surface side of the 
semiconductor chip, and electrically connecting the semi 
conductor chip to external circuitry; a wiring portion, elec 
trically connecting the pad electrode to the electrode por 
tions; and an insulating portion, formed from electrically 
insulating material, which covers the Surface of the semi 
conductor chip and seals the sensor element, wiring portion, 
and electrode portions, in a state which exposes, at least, the 
electrode portion on the surface side of the semiconductor 
chip; and characterized in that the electrode portions com 
prise protruding portions which protrude from the insulating 
portion in the thickness direction of the semiconductor chip, 
and in that one protruding portion placed adjacently to the 
sensor element has a smaller protrusion length from the 
insulating portion compared with other protruding portions 
placed at a distance from the sensor element. 
By means of a semiconductor device of this invention, 

when the semiconductor device is mounted on the mounting 
Surface of a mounting board, the other protruding portions 
make contact with the mounting Surface of the mounting 
board before the one protruding portion. Consequently even 
if the electrode portion having the one protruding portion is 
placed in a position overlapping the sensor element in the 
semiconductor chip thickness direction, the stress on the 
electrode portion having the one protruding portion can be 
relaxed at the time of mounting of the semiconductor device 
on the mounting board, and the stress of the electrode 
portion having the one protruding portion which reaches the 
sensor element can also be reduced. 
The invention of a seventh aspect proposes a semicon 

ductor device, comprising a semiconductor chip on the 
Surface of which are formed integrated circuitry and a sensor 
element, electrically connected thereto; a pad electrode, 
formed on the Surface side of the semiconductor chip, and 
electrically connected to at least the integrated circuitry; a 
plurality of electrode portions, positioned on the Surface side 
of the semiconductor chip, and electrically connecting the 
semiconductor chip to external circuitry; a wiring portion, 
electrically connecting the pad electrode to the electrode 
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6 
portions; and an insulating portion, formed from electrically 
insulating material, which covers the Surface of the semi 
conductor chip and seals the sensor element, wiring portion, 
and electrode portions, in a state which exposes, at least, the 
electrode portion on the surface side of the semiconductor 
chip; and characterized in that the electrode portions com 
prise protruding portions which protrude from the insulating 
portion in the thickness direction of the semiconductor chip, 
and in that one protruding portion placed adjacently to the 
sensor element is formed from a conductive material having 
a lower melting point compared with other protruding 
portions placed at a distance from the sensor element. 
By means of a semiconductor device of this invention, 

when the semiconductor device is mounted on the mounting 
Surface of a mounting board while applying heat to protrud 
ing portions, the one protruding portion melts before the 
other protruding portions, so that stress concentrates more 
on the electrode portions having the other protruding por 
tions than on the electrode portion having the one protruding 
portion. Hence even if the electrode portion having the one 
protruding portion is placed in a position which overlaps the 
sensor element in the semiconductor chip thickness direc 
tion, the stress on the electrode portion having the one 
protruding portion can be relaxed, and the stress on this 
electrode portion which reaches the sensor element can be 
reduced. 
The invention of an eighth aspect proposes a semicon 

ductor device, comprising a semiconductor chip on the 
Surface of which are formed integrated circuitry and a sensor 
element, electrically connected thereto; a pad electrode, 
formed on the Surface side of the semiconductor chip, and 
electrically connected to at least the integrated circuitry; a 
plurality of electrode portions, positioned on the Surface side 
of the semiconductor chip, and electrically connecting the 
semiconductor chip to external circuitry; a wiring portion, 
electrically connecting the pad electrode to the electrode 
portions; and an insulating portion, formed from electrically 
insulating material, which covers the Surface of the semi 
conductor chip and seals the sensor element, wiring portion, 
and electrode portions, in a state which exposes, at least, the 
electrode portion on the surface side of the semiconductor 
chip; and characterized in that the electrode portions com 
prise protruding portions which protrude from the insulating 
portion in the thickness direction of the semiconductor chip; 
in that the protruding portions comprise a Substantially 
spherical core formed from a conductive material and a shell 
portion, covering the periphery of the core, and formed from 
a conductive material with a melting point lower than that of 
the above conductive material; in that the core of one 
protruding portion placed adjacent to the sensor element is 
formed to be smaller than the cores of other protruding 
portions placed at a distance from the sensor element; and in 
that the diameters of the shell portions of the one protruding 
portion and of the other protruding portions are substantially 
equal. 
By means of a semiconductor device of this invention, 

when the semiconductor device is mounted on a mounting 
board with protruding portions heated to a temperature 
which is lower than the melting point of the conductive 
material from which the cores are formed but higher than the 
melting point of the conductive material from which the 
shell portions are formed, only the shell portions of the 
protruding portions are melted, so that the cores of the other 
protruding portions, with large diameters, make contact with 
the mounting Surface, while the core of the one protruding 
portion, with a small diameter, does not make contact with 
the mounting Surface. At this time, stress is concentrated at 
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the other protruding portions, so that even if the electrode 
portion having the one protruding portion is placed at a 
position overlapping with the sensor element in the semi 
conductor chip thickness direction, the stress on the elec 
trode portion having the one protruding portion can be 
relaxed, and the stress of the electrode portion which reaches 
the sensor element can be reduced. 
By means of the inventions of the first and second aspects, 

even when a semiconductor device is mounted on a mount 
ing board or is caused to operate, stress at the electrode 
portions and wiring portions which reaches the sensor 
element can be reduced, and moreover the effect of current 
induced magnetic fields of electrode portions and wiring 
portions on the sensor element can also be decreased, so that 
fluctuations and degradation of the characteristics of the 
sensor element can be suppressed. 
By means of the invention of a third aspect, the distances 

between electrode portions can be kept equal to or greater 
than the distances between virtual placement positions along 
first and second lattice lines, so that even if electrode 
portions are shifted from virtual placement positions, short 
circuiting of circuits across these electrode portions can be 
reliably prevented. 
By means of the invention of a fourth aspect, even if stress 

is born by electrode portions at the time of mounting on a 
mounting board, fluctuations due to the same stress can be 
cancelled out by having the sensor elements form a bridge, 
so that the sensitivity of sensor elements is stable regardless 
of stress. 
By means of the invention of the fifth aspect, by forming 

one electrode portion adjacent to a sensor element Smaller 
than other electrode portions, the electrode portion can 
easily be placed in a position not overlapping with the sensor 
element, without modifying the placement of the electrode 
portion. 
By means of the inventions of the sixth to eighth aspects, 

even if one electrode portion having a protruding portion is 
placed in a position which overlaps a sensor element in the 
semiconductor chip thickness direction, when the semicon 
ductor device is mounted on the mounting Surface of the 
mounting board, the stress at the one electrode portion 
comprising a protruding portion which reaches the sensor 
element can be reduced, so that fluctuations and degradation 
of the characteristics of the sensor element can be Sup 
pressed. 
The invention of a ninth aspect proposes a magnetic 

sensor, comprising a magnetic sensor chip, formed Substan 
tially into a sheet shape, which is sensitive to the magnetic 
component in at least one direction of a magnetic field, and 
a plurality of electrode portions, protruding from the Surface 
of the magnetic sensor chip, which electrically connect the 
magnetic sensor chip to a Substantially sheet-shaped circuit 
board, and characterized in that the electrode portions are 
arranged in a row on the Surface of the magnetic sensor chip. 
When mounting the magnetic sensor of this invention on 

a circuit board, the plurality of electrode portions are 
brought into contact with the surface of the circuit board, 
and the magnetic sensor chip is electrically connected to the 
circuit board. At this time, the plurality of electrode portions, 
arranged in a row, protrude from the Surface of the magnetic 
sensor chip, so that an edge portion of the magnetic sensor 
chip is also in contact with the surface of the circuit board. 
In this state, the magnetic sensor chip is inclined with 
respect to the surface of the circuit board, so that the 
direction of magnetic sensitivity of the magnetic sensor chip 
is inclined with respect to the surface of the circuit board, 
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8 
and a magnetic component in a direction intersecting the 
surface of the circuit board can be detected by the magnetic 
sensor chip. 

Further, it is sufficient to fix at least the electrode portions 
of the magnetic sensor to the Surface of the circuit board, so 
that the magnetic sensor can be mounted on the circuit board 
with the magnetic sensor chip inclined, without heating of 
the entire magnetic sensor chip. 
The invention of a tenth aspect proposes a magnetic 

sensor, comprising a magnetic sensor chip, formed Substan 
tially into a sheet shape, which is sensitive to the magnetic 
component in at least one direction of a magnetic field, and 
a plurality of electrode portions, protruding from the Surface 
of the magnetic sensor chip, which electrically connect the 
magnetic sensor chip to a Substantially sheet-shaped circuit 
board, and characterized in that the electrode portions are 
arranged in a plurality of parallel rows on the Surface of the 
magnetic sensor chip, and in that the protrusion lengths of 
the electrode portions gradually become shorter in the 
direction of arrangement of the plurality of rows. 
When mounting the magnetic sensor of this invention on 

a circuit board, the plurality of electrode portions are 
brought into contact with the surface of the circuit board, 
and the magnetic sensor chip is electrically connected to the 
circuit board. In this state, because the protrusion lengths of 
the electrode portions gradually become shorter in the 
direction of arrangement of the plurality of rows, the mag 
netic sensor chip is inclined with respect to the surface of the 
circuit board. Hence the direction of sensitivity of the 
magnetic sensor chip is inclined with respect to the Surface 
of the circuit board, and a magnetic component in a direction 
intersecting the surface of the circuit board can be detected. 

Further, it is sufficient to fix the electrode portions of the 
magnetic sensor to the Surface of the circuit board, so that 
the magnetic sensor can be mounted on the circuit board 
with the magnetic sensor chip inclined, without heating of 
the entire magnetic sensor chip. 

Moreover, when the number of electrode portions pro 
vided on the Surface of the magnetic sensor chip is deter 
mined in advance, by arranging the electrode portions sepa 
rated into a plurality of rows, the number of electrode 
portions placed in each row can be reduced, so that the 
magnetic sensor chip can be formed in a smaller size. 
The invention of an eleventh aspect proposes a magnetic 

sensor unit, comprising two of the magnetic sensors accord 
ing to the ninth or tenth aspect, and a circuit board on which 
are mounted the magnetic sensors with the electrode por 
tions caused to be in contact with the board Surface, and 
characterized in that the magnetic sensor chip of at least one 
of the magnetic sensors is sensitive to magnetic components 
of a magnetic field in two directions, and that the magnetic 
sensors are placed on the circuit board Such that the direction 
of sensitivity of the other magnetic sensor chip intersects the 
plane comprising the two directions of sensitivity of the one 
magnetic sensor chip. 
The invention of a twelfth aspect proposes a magnetic 

sensor unit, comprising two of the magnetic sensors accord 
ing to the ninth or tenth aspect, and a circuit board on which 
are mounted the magnetic sensors with the electrode por 
tions caused to be in contact with the board Surface, and 
characterized in that the magnetic sensor chip of at least one 
of the magnetic sensors is sensitive to magnetic components 
of a magnetic field in two directions, and that the two 
magnetic sensors are placed to at least partially overlap on 
the circuit board such that the direction of sensitivity of the 
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other magnetic sensor chip intersects the plane comprising 
the two directions of sensitivity of the one magnetic sensor 
chip. 
By means of a magnetic sensor unit of these inventions, 

two magnetic sensors are prepared in advance, and a mag 
netic sensor unit is configured such that the directions of 
sensitivity of the magnetic sensor chips intersect. That is, 
one of the magnetic sensor chips can detect magnetic 
components in any direction within a plane comprising two 
sensitivity directions, and the other magnetic sensor chip can 
detect magnetic components in a direction intersecting the 
plane. Consequently three magnetic components in three 
dimensional space can be detected by the two magnetic 
sensor chips, so that the direction of the magnetic field can 
be measured as a vector in three-dimensional space. 
When placing two magnetic sensors on a circuit board 

Surface to overlap, the mounting area of the two magnetic 
sensors on the Surface of the circuit board can be decreased, 
so that the magnetic sensor unit can be made Smaller. 
The invention of a thirteen aspect proposes a magnetic 

sensor unit, comprising a first magnetic sensor which is 
sensitive to the magnetic components of a magnetic field in 
two directions, a second magnetic sensor which is sensitive 
to the magnetic component of a magnetic field in at least one 
direction, and a Substantially sheet-shaped circuit board on 
the Surface of which the two magnetic sensors are mounted, 
and characterized in that each of the magnetic sensors 
comprises a magnetic sensor chip formed in Substantially a 
sheet shape, and a plurality of electrode portions, protruding 
from the Surface of the magnetic sensor chip, which are 
brought into contact with the surface of the circuit board and 
are electrically connected to the circuit board, and in that at 
least one of the magnetic sensor chips is caused to be 
inclined with respect to the rear surface of the circuit board, 
Such that the direction of sensitivity of the second magnetic 
sensor intersects the plane comprising the two directions of 
sensitivity of the first magnetic sensor, and moreover the 
Sum of the height dimensions in the circuit board thickness 
direction of the circuit board and of the electrode portions is 
changed in portions. 
By means of the magnetic sensor unit of this invention, 

the first magnetic sensor can detect magnetic components in 
all directions within a plane comprising the two sensitive 
directions, and the second magnetic sensor can detect the 
magnetic component in a direction intersecting this plane, so 
that by means of these two magnetic sensors, three magnetic 
components in three-dimensional space can be detected, and 
so the direction of a magnetic field can be measured as a 
vector in three-dimensional space. 

Further, the two magnetic sensors can be fixed onto the 
circuit board with the electrode portions in contact with the 
Surface of the circuit board, so that each of the magnetic 
sensors can be mounted on the circuit board with the two 
magnetic sensor chips inclined relative to each other, with 
out heating the entirety of the magnetic sensor chips. 
The invention of a fourteen aspect proposes the semicon 

ductor device characterized in that the surface of the circuit 
board is formed in a staircase shape, and that the electrode 
portions of at least one magnetic sensor are placed on 
separate steps. 
By means of the magnetic sensor unit of this invention, 

because the heights from the rear face of the circuit board to 
the tops of each of the steps are different, even if the 
protrusion lengths of the plurality of electrode portions 
provided on the Surface of a magnetic sensor chip are the 
same, the magnetic sensor chip can easily be inclined with 
respect to the surface of the circuit board. 
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By means of the inventions of the ninth and tenth aspects, 

when a magnetic sensor is mounted at an inclination on the 
circuit board, the entirety of the magnetic sensor chip is not 
heated, so that fluctuations and degradation of the charac 
teristics of the magnetic sensor chip can be prevented, and 
the direction of a magnetic field can be correctly measured. 

Further, by means of the invention of the tenth aspect, by 
arranging the electrode portions divided into a plurality of 
rows, the magnetic sensor chip can be formed in a small size, 
and the size of the magnetic sensor can be reduced. 
By means of the inventions of the eleventh and twelfth 

aspects, a magnetic sensor is used which enabled prevention 
of fluctuations and degradation of the characteristics of 
magnetic sensor chips, so that the three-dimensional direc 
tion of a magnetic field can be correctly measured. 

Further, by means of the invention of the twelfth aspect, 
the mounting area of two magnetic sensors on the Surface of 
a circuit board can be reduced, so that the size of the 
magnetic sensor unit can be reduced. 
By means of the invention of the thirteen aspect, when 

mounting each magnetic sensor on the circuit board Such 
that the two magnetic sensor chips are inclined with respect 
to each other, the entirety of the magnetic sensor chips is not 
heated, so that fluctuations and degradation of the charac 
teristics of the magnetic sensor chips can be prevented, and 
the three-dimensional direction of a magnetic field can be 
correctly measured. 
By means of the invention of the fourteen aspect, the 

heights from the rear surface of the circuit board to the top 
of each step are different, so that the magnetic sensor chips 
can easily be inclined with respect to the surface of the 
circuit board. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Summary plane view showing the semicon 
ductor device of one aspect of the invention: 

FIG. 2 is a cross-sectional view along arrow A-A of the 
semiconductor device in FIG. 1; 

FIG. 3 is a cross-sectional view along arrow B-B of the 
semiconductor device in FIG. 1; 

FIG. 4 shows schematically the method of manufacture of 
the semiconductor device of FIG. 1; 

FIG. 5 is a Summary plane view showing the semicon 
ductor device of another aspect of the invention; 

FIG. 6 is a cross-sectional view along arrow C-C of the 
semiconductor device in FIG. 5; 

FIG. 7 is a Summary plane view showing the semicon 
ductor device of another aspect of the invention; 

FIG. 8 is a Summary plane view showing the semicon 
ductor device of another aspect of the invention; 

FIG. 9 shows solder balls of the semiconductor device of 
another aspect of the invention, wherein FIG. 9A is a 
cross-sectional view of a solder ball placed in a position at 
a distance from a thin film magnetic element, and FIG. 9B 
is a cross-sectional view of a solder ball placed in a position 
overlapping the thin film magnetic element; 

FIG. 10 is a summary plane view showing the semicon 
ductor device of another aspect of the invention; 

FIG. 11 is an enlarged cross-sectional view showing 
electrode portions of the semiconductor device of another 
aspect of the invention; 

FIG. 12 is a Summary plane view showing an example of 
a semiconductor device of the prior art; 

FIG. 13 is a Summary plane view showing a magnetic 
sensor unit of a second aspect of the invention; 
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FIG. 14 is a Summary side view of the magnetic sensor 
unit of FIG. 13; 

FIG. 15 is a Summary plane view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 16 is a summary side view of the magnetic sensor 
unit of FIG. 15: 

FIG. 17 is a graph showing the relation between the 
electrode portion position and the angle of inclination 0 for 
the magnetic sensor unit of FIG. 15: 

FIG. 18 is a Summary plane view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 19 is a Summary plane view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 20 is a Summary plane view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 21 is a Summary plane view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 22 shows a magnetic sensor of another aspect of the 
invention, wherein FIG. 22A is a summary side view, and 
FIG. 22B is a summary side view showing the state of 
mounting on a circuit board; 

FIG. 23 is a Summary plane view showing the magnetic 
sensor unit of a third aspect of the invention; 

FIG. 24 is a Summary side view of the magnetic sensor 
unit of FIG. 23; 

FIG. 25 is a summary side view showing the magnetic 
sensor unit of another aspect of the invention; 

FIG. 26 shows a magnetic sensor of another aspect of the 
invention, wherein FIG. 26A is a summary side view, and 
FIG. 26B is a summary side view showing the state of 
mounting on a circuit board; 

FIG. 27 is a summary side view showing the magnetic 
sensor unit of another aspect of the invention; and, 

FIG. 28 is a Summary side view showing the magnetic 
sensor unit of another aspect of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 to FIG. 3 show one aspect of the invention; the 
semiconductor device of this aspect is one type of wafer 
level CSP (hereafter called a “WLCSP”), with electrodes for 
connection to the external circuitry of the mounting board 
provided at positions which do not protrude from the main 
face of the semiconductor chip on which the integrated 
circuits are formed. As shown in FIG. 1 and FIG. 2, this 
semiconductor device 1 comprises a semiconductor chip 3 in 
a sheet shape, formed into Substantially a rectangular shape 
in plane view; a plurality of thin film magnetic elements 5. 
provided on the main face (Surface) of the semiconductor 
chip 3: electrode portions 7, placed on the side of the main 
face 3a of the semiconductor chip 3, for connection of the 
semiconductor chip 3 to external circuitry; wiring portions 9 
for electrical interconnection of the integrated circuits (not 
shown) of the semiconductor chip 3 and the electrode 
portions 7; and an insulating portion 11 which covers the 
surface 3a of the semiconductor chip 3 in a state which 
exposes the electrode portions 7 on the side of the main face 
3a of the semiconductor chip 3, and which seals the thin film 
magnetic elements 5, wiring portions 9, and electrode por 
tions 7. 

The thin film magnetic elements 5 are formed as a thin 
film, and measure the sense and magnitude of an external 
magnetic field. Four Such thin film magnetic elements 5 are 
placed on the periphery of the main face 3a of the semi 
conductor chip 3. Each of the thin film magnetic elements 5 
is sensitive to the magnetic component of an external 
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12 
magnetic field in one direction (in the X-axis direction or in 
the Y-axis direction), and is placed such that the direction of 
sensitivity is along the main face 3a of the semiconductor 
chip 3. These thin film magnetic elements 5 are each placed 
adjacent to one edge of the main face 3a of the semicon 
ductor chip 3, at a distance from each other. Pairs of 
opposing thin film magnetic elements 5, 5 are configured so 
as to detect the magnetic component in the same direction, 
to improve the reliability of detection of an external mag 
netic field. 
As shown in FIG. 1 and FIG. 3, the semiconductor chip 

3 comprises a Substrate 13, of rectangular shape in plane 
view, on the surface 13a of which is formed integrated 
circuitry; a plurality of (in the example shown, eight) pad 
electrodes 15, formed on the surface 13a of the substrate 13; 
and a first passivation film 17 provided on the surface 13a 
of the substrate 13, avoiding the pad electrodes 15. The pad 
electrodes 15 electrically connect the electrode portions 7 
and the thin film magnetic elements 5, and are placed on the 
periphery of the surface 13a of the substrate 13. 
The first passivation film 17 is formed by layering on the 

surface 13a of the substrate 13, in order, a thin film of silicon 
dioxide (SiO) and a thin film of silicon nitride (SiN), 
avoiding the pad electrodes 15. The first passivation film 17 
has high heat resistance and is electrically insulating. The 
surface of the first passivation film 17 constitutes the main 
face 3a of the semiconductor chip 3. 
The insulating portion 11 is obtained by layering in order 

on the main face 3a of the semiconductor chip 3 a second 
passivation film 19, a protective film 21, and a resin mold 
portion 23; this second passivation film 19, protective film 
21, and resin mold portion 23 are each formed from elec 
trically insulating materials. 
The second passivation film 19, like the first passivation 

film 17, is formed by layering in order, from the main face 
3a of the semiconductor chip 3, a thin film of silicon dioxide 
(SiO) and a thin film of silicon nitride (SiN), formed so as 
to cover the first passivation film 17 while avoiding the pad 
electrodes 15 used for electrical connection to the wiring 
portions 9. The thin film magnetic elements 5 are covered by 
this second passivation film 19. 
The protective film 21 is formed from polyimide (PI), and 

is formed so as to cover the surface 19a of the second 
passivation film 19a and the side wall faces of the groove 
portion 22 demarcated by the pad electrodes 15 and the first 
and second passivation films 17, 19. 
The resin mold portion 23 covers the surface 21a of the 

protective film 21 and main face 3a of the semiconductor 
chip 3, and in addition is formed so as to seal the post of the 
electrode portions 7, described below, and the wiring por 
tions 9. The resin mold portion 23 is formed from resin 
material with a lower hardness than the electrode portions 7 
and wiring portions 9, and is formed into a Substantially 
rectangular shape in plane view, similarly to the magnetic 
sensor chip 3. 
The wiring portions 9 fill the groove portions 24 demar 

cated by the pad electrodes 15 and protective film 19, and in 
addition are formed to extend from the aperture of the 
groove portion 24 between the protective film 21 and the 
resin mold portion 23 of the insulating portion 11, to the 
lower edge of the posts of the electrode portions 7, described 
below. The wiring portions 9 are formed by layering in 
order, from the surface 21a of the protective film 21, of 
under-barrier metal 25 (hereafter “UBM) and the wiring 
layer 27. The UBM 25 is formed from titanium (Ti) or 
chromium (Cr), whereas the wiring layer 27 is formed from 
copper (Cu). 
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The UBM 25 is formed to be sufficiently thinner than the 
wiring layer 27. That is, the thickness of the UBM 25 is for 
example 0.18 um, whereas the thickness of the wiring layer 
27 is 0.60 um. 

Wiring portions 9 configured as described above are 
formed in positions which do not overlap, in the thickness 
direction of the semiconductor chip 3, with the thin film 
magnetic elements 5. 

Each of the electrode portions 7 comprises a substantially 
cylindrical post 29, extending from the surface 9a of the 
wiring portion 9 to the surface 23a of the resin mold portion 
23, and a solder ball 31, mounted on the top end of the post 
29, and protruding from the surface 23a of the resin mold 
portion 23. The post 29 is formed from copper, and the top 
end face 29a thereof is formed in substantially the same 
plane as the surface 23a of the resin mold portion 23. The 
solder ball 31 is solder material formed into a substantially 
spherical shape. 
A plurality of electrode portions 7 are placed at prescribed 

positions which do not overlap, in the thickness direction of 
the semiconductor chip 3, with thin film magnetic elements 
5. That is, three first lattice lines L1 to L3 extending in the 
X-axis direction, as well as three second lattice lines L4 to 
L6 extending in the Y-axis direction, so as to Substantially 
equally divide the main face 3a of the semiconductor chip 3 
and the surface 23a of the resin mold portion 23, are 
Supposed to be arranged at equal intervals. 
The distances between the points of intersection (virtual 

placement positions) P1 to P9 along the lattice lines L1 to L6 
are distances Sufficient that no short-circuits occur between 
adjacent electrode portions 7 in the state in which electrode 
portions are placed at each of the points of intersection. 
Among the three lattice lines placed and arranged at equal 

intervals in each direction, the lines in the center which are 
the first lattice line L2 and the second lattice line L5 are 
placed so as to pass through thin film magnetic elements 5. 
One each of the electrode portions 7 are placed at first 

points of intersection P1 to P4, at which the first lattice lines 
L1, L3 and the second lattice lines L4, L6 intersect. These 
first points of intersection P1 to P4 are positioned at a 
distance from the thin film magnetic elements 5. 

Electrode portions 7 are placed at positions shifted from 
the second points of intersection P5, P6 of the first lattice 
line L2 with the second lattice lines L4, L6 along the first 
lattice line L2 toward the fourth point of intersection P9 at 
which the first lattice line L2 intersects the second lattice line 
L5. And, electrode portions 7 are placed at positions shifted 
from the third points of intersection P7, P8 of the first lattice 
lines L1, L3 and the second lattice line L5 toward the fourth 
point of intersection P9 along the second lattice line L5, so 
as to increase the distance from the thin film magnetic 
sensors 5. 

This is because the second points of intersection P5, P6 
and the third points of intersection P7, P8 are adjacent to the 
thin film magnetic sensors 5, and if electrode portions were 
placed at the second points of intersection P5, P6 and the 
third points of intersection P7, P8, the electrode portions 7 
would overlap with the thin film magnetic elements 5 in the 
thickness direction of the semiconductor chip 3. 
As a result, the electrode portions 7 are placed in positions 

which do not overlap with thin film magnetic elements 5 in 
the thickness direction of the semiconductor chip 3. 

The above-described positions which do not overlap with 
thin film magnetic elements 5 are in a positional relationship 
such that the figures of the thin film magnetic elements 5 
projected onto a plane the normal to which is the mounting 
direction or the loading direction, and the figures in the 
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contact plane of solder balls 31 in contact with the top end 
faces 29a of posts 29 or with the surfaces 23a of resin mold 
portions 23, or the figures of the electrode portions 7, do not 
overlap at least partially. 

In the case of this embodiment, the thickness direction of 
the semiconductor chip 3 is the above mounting direction 
and loading direction, so that when projecting figures onto 
a plane the normal to which is substantially the thickness 
direction, each of the above-described figures exists inde 
pendently, and need only be in a state in which there is no 
interference. Here, the mounting direction signifies the 
direction in which a load is applied when mounting the 
semiconductor device 1 on a mounting board, and the load 
direction signifies the direction in which a load is applied 
after mounting the semiconductor device 1 on a mounting 
board. 

These electrode portions 7 are placed such that the 
positional relationships between each of the thin film mag 
netic elements and the electrode portions 7 placed in the 
environs of the thin film magnetic elements 5, and the 
number of electrode portions 7 placed in the environs of 
each thin film magnetic element 5, are the same for all thin 
film magnetic elements 5. That is, three electrode portions 7 
are placed in the environs of each of the thin film magnetic 
elements 5. Three electrode portions 7 are placed in the same 
positions, with reference to the placement positions of each 
of the thin film magnetic elements 5. 
A method of manufacture of a semiconductor device 1 

configured as described above is here explained. 
First, four thin film magnetic elements 5 are placed at 

prescribed positions of the main face 3a of the semiconduc 
tor chip 3, and as shown in FIG. 4, a second passivation film 
19 is formed on the main face 3a of the semiconductor chip 
3, avoiding the pad electrodes 15. At this time, the thin film 
magnetic elements 5 are also covered by the second passi 
vation film 19. 

Next, a protective film 21 is formed on the surface 19a of 
the second passivation film 19 and on the side wall faces of 
the groove portion 22, and a thin film UBM 25 is formed on 
the surface 21a of the protective film 21 and on the wide wall 
faces and bottom wall face of the groove portion 24. 

Then, a first resist layer 41 is formed on the surface 25a 
of the UBM 25, excluding the portions where the wiring 
layer 27 is to be formed. This region of formation of the first 
resist layer 41 comprises a region of overlap, in the thickness 
direction of the semiconductor chip 3, with the thin film 
magnetic elements 5. Then, portions in which the first resist 
layer 41 is not formed, that is, portions in which the UBM 
25 is exposed are buried with copper to form the wiring layer 
27. After this, the first resist layer 41 is removed. 

Then, a second resist layer 43 is formed on the surfaces 
27a, 25a of the wiring layer 27, excluding portions where 
posts 29 are to be formed, and of the UBM 25. In this state, 
only a portion of the surface 27a of the wiring layer 27 is 
exposed. The portion in which the second resist layer 43 is 
not formed, that is, the portion in which the wiring layer 27 
is exposed, is then buried with copper to form posts 29. After 
formation of the wiring layer 27 and posts 29, the second 
resist layer 43 is removed, and the UBM 25 not covered by 
the wiring layer 27 is removed by etching. 

Finally, the wiring portion 9 and posts 29 are sealed with 
a resin material so as to cover the surface 21a of the 
protective film 21 and expose the top end faces 29a of the 
posts 29, and by depositing solder balls 31 onto the top end 
faces 29a of the posts 29, manufacture of the semiconductor 
device 1 is completed. 
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When mounting the semiconductor device 1 in the mount 
ing Surface of a mounting board, with the Surface 23a of the 
resin mold portion 23 opposing the mounting Surface, the 
semiconductor device 1 is pressed against the mounting 
surface while heating the solder balls 31. As shown in FIG. 
1 and FIG. 2, the thin film magnetic elements 5 and the 
electrode portions 9 and wiring portions 9 are placed in 
positions which do not overlap, so that stress applied to 
electrode portions 7 by the above pressing which reaches the 
thin film magnetic elements can be reduced. 
When there is bending in the mounting surface of the 

mounting Substrate, in the State with the semiconductor 
device 1 mounted on the mounting Surface, even if stress 
arising from the bending reaches the wiring portions 9 from 
the electrode portions 7, the stress reaching the thin film 
magnetic elements 5 as well can be reduced. 
When causing the semiconductor device 1 to operate, a 

current-induced magnetic field arises due to the currents 
flowing in the electrode portions 7 and wiring portions 9, but 
because the thin film magnetic elements 5 are placed in 
positions which do not overlap with the electrode portions 7 
or wiring portions 9, the effect of the current-induced 
magnetic field of the electrode portions 7 and wiring por 
tions 9 on the thin film magnetic elements 5 can be reduced. 

Further, when mounting the semiconductor device 1 on a 
mounting Substrate or causing the semiconductor device 1 to 
operate, the semiconductor device 1 is heated, and thermal 
deformation of wiring portions 9 occurs; but even if stress 
arises in the wiring portions 9 due to this thermal deforma 
tion, the stress arising from the thermal deformation which 
reaches the thin film magnetic elements 5 can be reduced. 
By means of the above semiconductor device 1, even 

when the semiconductor device 1 is mounted on a mounting 
Substrate or caused to operate, stress in the electrode por 
tions 7 and wiring portions 9 which reaches the thin film 
magnetic elements 5 can be reduced, and the effect of 
current-induced magnetic fields of the electrode portions 7 
and wiring portions 9 on the thin film magnetic elements 5 
can be decreased, so that fluctuations and degradation of the 
characteristics of the thin film magnetic elements 5 can be 
Suppressed. 
The distances from electrode portions 7 shifted from the 

second and third points of intersection P5 to P8 along the 
lattice lines L2 and L5 so as to increase the distance from 
thin film magnetic elements 5 to the fourth point of inter 
section) 9 is made shorter than the distances between the 
adjacent points of intersection P1 to P9 along the lattice lines 
L1 to L6 (distances between adjacent lattice lines), and 
electrode portions 7 are completely comprised within the 
lattice lines; because the number of electrode portions 7 
positioned between adjacent lattice lines is one or fewer, no 
electrode portion 7 is placed at the fourth point of intersec 
tion P9, so that the distances between adjacent electrode 
portions 7 can be kept equal to or greater than the distances 
between the points of intersection P1 to P9. Hence even if 
the electrode portions 7 are shifted from the second and third 
points of intersection P5 to P8, short-circuits between these 
electrode portions 7 can be reliably prevented. 
By making the positional relationships between each of 

the thin film magnetic elements 5 and the electrode portions 
7 placed in the environs of the thin film magnetic elements 
5, and the number of electrode portions 7 placed in the 
environs of each of the thin film magnetic elements 5, the 
same for all thin film magnetic elements 5, even if stress is 
applied to electrode portions 7 at the time of mounting of the 
semiconductor device 1 on the mounting board, fluctuations 
due to the same stress can be made to cancel by having the 
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thin film magnetic elements 5 form a bridge, so that the 
sensitivity of the thin film magnetic elements 5 is stable 
regardless of the stress. 

In the above aspect, one electrode portion 7 is placed in 
each of the positions shifted from the second and third points 
of intersection P5 to P8 adjacent to thin film magnetic 
elements 5; however, the configuration is not limited to this, 
and it is sufficient to place electrode portions in positions 
which, at least, do not overlap with thin film magnetic 
elements 5 in the thickness direction of the semiconductor 
chip 3. That is, as for example shown in FIG. 5, electrode 
portions 7 may be placed in the second and third points of 
intersection P5 to P8 adjacent to thin film magnetic elements 
5, forming each of the electrode portions 7 in a size such that 
there is no overlap in the thickness direction. In the case of 
this configuration, electrode portions 7 can be placed at all 
of the points of intersection P1 to P9. 

In the case of the above configuration, as shown in FIG. 
6, the solder balls 31 of some electrode portions 7, posi 
tioned adjacent to thin film magnetic elements 5, are Smaller 
in diameter than the other solder balls 31 of electrode 
portions 7 positioned at a distance from the thin film 
magnetic elements 5. That is, the protrusion lengths of 
certain solder balls 31 protruding from the surface 23a of the 
resin mold portion 23 are shorter than those of the other 
solder balls 31. Consequently when mounting the semicon 
ductor device 51 onto the mounting Surface of the mounting 
board while heating the solder balls 31, the other solder balls 
31 make contact with the mounting Surface of the mounting 
board before the certain solder balls 31. Hence when mount 
ing the semiconductor device 51 on the mounting board, the 
stress at electrode portions 7 having the certain solder balls 
31 is relaxed, and the stress at these electrode portions 7 
which reaches the thin film magnetic elements 5 can be 
further reduced. 

In the above configuration, the shape of the solder balls 31 
is not limited to a spherical shape; by providing protruding 
portions which at least protrude from the surface 23a of the 
resin mold portion 23, and by making the protrusion lengths 
of certain protruding portions positioned adjacent to thin 
film magnetic elements 5 shorter than those of other pro 
truding portions positioned at a distance from the thin film 
magnetic elements 5, a similar advantageous result can be 
obtained. 
As shown in FIG. 7, when the number of electrode 

portions 7 is sufficiently great that, with the semiconductor 
device 61 mounted on the mounting board, the stress born by 
each of the electrode portions 7 is equal to or less than a 
prescribed value, a smaller number of electrode portions 7 
may be placed than there are points of intersection of the first 
lattice lines L7 to L11 with the second lattice lines L12 to 
L16. Hence this semiconductor device 61 may be configured 
with electrode portions 7 placed neither to overlap thin film 
magnetic elements 5 nor placed at adjacent points of inter 
section. 

Thin film magnetic elements 5 are provided on the 
semiconductor devices 1, 51, 61, but the device configura 
tion is not limited to this, and Hall elements, piezo elements, 
or, at least, sensor elements having electrical functions, may 
be provided on the device. 
The electrode portions 7 are described as having been 

placed in positions which do not overlap with sensor ele 
ments in the thickness direction of the semiconductor chip 3: 
but when the sensor elements are not affected by the 
current-induced magnetic fields of the electrode portions 7 
or wiring portions 9, this configuration is not necessary, and 
it is sufficient that the stress on the electrode portions 7 
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which reaches the sensor elements be reduced. That is, as for 
example shown in FIG. 8, certain solder balls 31a of 
electrode portions 7 placed at positions which overlap with 
sensor elements 45 may be formed from a conductive 
material with a lower melting point than the other solder 
balls 31b of electrode portions 7 placed at a distance from 
the sensor elements 45. 

In the case of this configuration, when mounting the 
semiconductor device on the mounting Surface of the mount 
ing substrate while heating the solder balls 31a and 31b, the 
certain solder balls 31a melt before the other solder balls 
31b, so that stress is concentrated on the electrode portions 
7 having the other solder balls 31b, rather than on the 
electrode portions 7 having the certain solder balls 31a. 
Hence even if electrode portions 7 are placed at positions 
overlapping with sensor elements 45, the stress on the 
electrode portions 7 having certain solder balls 31a can be 
relaxed, and the stress at these electrode portions 7 which 
reaches the sensor elements 45 can be reduced. 

Further, as shown in FIG. 9A and FIG. 9B, when the 
solder balls 31 comprise a substantially spherical core 47 
formed from conductive material and a shell portion 49 
formed from a conductive material with melting point lower 
than the conductive material of the core, and covering the 
core 47, the diameters of the cores 47 of certain solder balls 
31a placed adjacent to sensor elements 45 may be formed 
smaller than the cores 47 of the other solder balls 31b, and 
moreover the shell portions 49 of the certain solder balls 31a 
and of the other solder balls 31b may be formed to have 
Substantially the same diameter. 

In the case of such a configuration, when the semicon 
ductor device is mounted on the mounting Substrate while 
heating the solder balls 31 to a temperature lower than the 
melting point of the conductive material from which the 
cores 47 are formed, but higher than the melting point of the 
conductive material from which the shell portions 49 are 
formed, only the shell portions 49 of the solder balls 31 are 
melted. Consequently the cores 47 of the other solder balls 
31b with larger diameters make contact with the mounting 
surface of the mounting board, and the cores 47 of the 
certain solder balls 31a with smaller diameters do not make 
contact with the mounting Surface. At this time, stress is 
concentrated at the other solder balls 31b, so that even if the 
electrode portions 7 having the certain solder balls 31a are 
placed at positions overlapping sensor elements 45, the 
stress at the electrode portions 7 having the certain solder 
balls 31a can be relaxed, and so the stress at the electrode 
portions 7 which reaches the sensor elements 45 can be 
reduced. 

Further, the pad electrodes 15 of the semiconductor chip 
3 were placed on the periphery of the surface 13a of the 
substrate 13; but configurations are not limited thereto, and 
as for example shown in FIG. 10, pad electrodes may be 
placed in the center portion of the surface 13a of the 
substrate 13. 

In the case of a semiconductor device 81 with the above 
configuration, by placing electrode portions 7 on the outside 
of these pad electrodes 15, the distances of the wiring 
portions 9 connecting pad electrodes 15 and electrode por 
tions 7 can be set shorter, so that the semiconductor device 
81 can be made to operate under low power. 

Further, the sensor elements 45 are placed on the periph 
ery of the main face 3a of the semiconductor chip 3, 
positioned on the outside of the electrode portions 7, so that 
the electrode portions 9 can be placed further from the 
positions of the sensor elements 45. 
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Hence stress at electrode portions 7 and wiring portions 9 

which reaches thin film magnetic elements 5 can be further 
reduced, and in addition the effect on thin film magnetic 
elements 5 of the current-induced magnetic fields of the 
electrode portions 7 and wiring portions 9 can be further 
decreased, so that fluctuation and degradation of the char 
acteristics of thin film magnetic elements 5 can be reliably 
Suppressed. 

In the above, electrode portions 7 comprised spherical 
solder balls 31, but other configurations are possible; for 
example, as shown in FIG. 11, a protruding portion protrud 
ing at least from the surface 23a of the resin mold portion 23 
may be comprised. That is, as for example shown in (a) and 
(b) of FIG. 11, protruding portions 53 which protrude from 
the resin mold portion 23 may be formed integrally with 
posts 54. 

These protruding portions 53 may for example be formed 
by plating or by Screen printing to apply a copper paste. And 
as shown in (c) of FIG. 11, after forming the posts-29 and 
resin mold portion 23, resist may be patterned and plating 
used to form protruding portions 55 with a substantially 
rectangular shape in cross-sectional view. 

In the above configurations, electrode portions 7 comprise 
posts 29 or 54 and solder balls 31 or protruding portions 53, 
but electrode portions 7 may also comprise only posts 29 or 
54. In the case of Such a configuration, when mounting the 
semiconductor device on a mounting board, the posts 29, 54 
are electrically connected with the circuitry of the mounting 
board using separately supplied solder. 

FIG. 13 and FIG. 14 show a second aspect of the 
invention; the magnetic sensor unit of this aspect measures 
the sense and magnitude of an external magnetic field. As 
shown in FIG. 13 and FIG. 14, the magnetic sensor unit 101 
comprises two magnetic sensors 102 and 103, and a circuit 
board 105 on the surface 105a of which the two magnetic 
sensors 102, 103 are mounted. The circuit board 105 is 
formed in substantially sheet shape, with the surface 105a 
and rear surface 105b thereof substantially parallel. On the 
rear surface 105b of the circuit board 105 are provided 
terminals (not shown) for electrical connection to the mount 
ing boards of various equipment. 
The magnetic sensors 102, 103 are one type of so-called 

wafer-level CSPs, and comprise magnetic sensor chips 107 
and 108 formed in sheets of rectangular shape in plane view, 
and a plurality of electrode portions 110, 111 provided 
protruding from the surfaces 107a, 108a of the magnetic 
sensor chips 107, 108. 

Four magnetic sensor elements 113 are provided within 
the magnetic sensor chips 107 and 108, in thin film form. 
Each of these magnetic sensor elements 113 senses the 
magnetic component of an external magnetic field in one 
direction, and measures the magnitude of the magnetic 
component in this direction. One each of these magnetic 
sensor elements 113 is placed at a position adjacent to each 
of the edges of the surfaces 107a, 108a of the magnetic 
sensor chips 107 and 108, at a distance from each other, so 
that the magnetic sensor chips 107 and 108 sense the 
magnetic components in two orthogonal directions (A, B) 
and (C, D)) along the surfaces 107a, 108a. 
The electrode portions 110, 111 electrically connect the 

magnetic sensor chips 107, 108 to the circuit board 105, and 
are arranged in one row on the surfaces 107a, 108a of the 
magnetic sensor chips 107 and 108, for example in the 
direction parallel with one edge 107b, 108b adjacent to one 
edge of the chip. Each of the electrode portions 110, 111 
comprises a solder ball of solder formed into a substantially 
spherical shape, and all are formed in the same size. These 
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electrode portions 110, 111 can be configured so as to be 
capable of adhesion to land portions 115 formed on the 
surface 105a of the circuit board 105, and by this means the 
magnetic sensors 102, 103 are electrically connected to the 
circuit board 105. 

These magnetic sensors 102 and 103 are placed such that 
the magnetic sensor chips 107, 108 are inclined with respect 
to the surface 105a of the circuit board 105. That is, the 
pluralities of electrode portions 110, 111 protrude from the 
surfaces 107a, 108a of the magnetic sensor chips 107, 108, 
arranged in a row along a certain edge 107b, 108b, in the 
direction parallel to the edges 107b, 108b. Consequently 
with the pluralities of electrode portions 110, 111 in contact 
with land portions 115 of the circuit board 105, the other 
edges 107c, 108c on the side opposite the certain edges 
107b, 108b of the magnetic sensor chips 107, 108 on which 
are placed the electrode portions 110, 111 are in contact with 
the surface 105a of the circuit board 105. Hence the mag 
netic sensor chips 107, 108 are inclined such that the 
surfaces thereof 107a, 108a gradually move away from the 
surface 105a of the circuit board 105 in moving from the 
other edge 107c, 108c toward the certain edge 107b, 108b. 
The directions of inclination of the magnetic sensors 102, 
103 are directions orthogonal to the direction of arrangement 
of the two magnetic sensors 102, 103. 

Further, the two magnetic sensors 102, 103 are placed 
such that the certain edge 107b of one of the magnetic 
sensors 102 and the other edge 108c of the other magnetic 
sensor 103 are adjacent, and moreover the other edge 107c 
of one of the magnetic sensors 102 and the certain edge 108b 
of the other magnetic sensor 103 are adjacent. Consequently 
the two magnetic sensor chips 107, 108 are inclined in 
opposite directions. The two magnetic sensor chips 107, 108 
are inclined by an angle of inclination 0 with respect to the 
surface 105a of the circuit board 105 which is of the same 
magnitude. 
The directions of sensitivity A through D of the two 

magnetic sensors 102 and 103 placed as described above are 
as follows. In the figures, the X axis and Y axis denote 
mutually orthogonal directions along the surface 105a of the 
circuit board 105, and the Z axis denotes the thickness 
direction of the circuit board 105. 
The direction of sensitivity A of one of the magnetic 

sensors 102, orthogonal to the direction of placement of the 
electrode portions 110, is the direction inclined by the angle 
0 from the negative Y-axis direction toward the positive 
Z-axis direction. The direction of sensitivity B of the mag 
netic sensor 102, orthogonal to the direction of sensitivity A, 
is the negative X-axis direction. The direction of sensitivity 
C of the other magnetic sensor 103, orthogonal to the 
direction of placement of the electrode portions 111, is the 
direction inclined by the angle 0 from the positive Y-axis 
direction toward the positive Z-axis direction. The direction 
of sensitivity D of the other magnetic sensor 103, orthogonal 
to the direction of sensitivity C, is the positive X-axis 
direction. 

Hence the direction of sensitivity A of one of the magnetic 
sensors 102 is a direction which intersects the plane com 
prising the two directions of sensitivity C, D of the other 
magnetic sensor 103. Similarly, the direction of sensitivity C 
of the other magnetic sensor 103 is a direction which 
intersects the plane comprising the two directions of sensi 
tivity A, B of the one magnetic sensor 102. 
A magnetic sensor unit 1 configured as described above 

detects magnetic components in each of the X-axis, Y-axis, 
and Z-axis directions, and outputs output values (below, also 
called sensitivity) S. S. S. which are substantially propor 
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tional to the respective magnetic components. The sensitivi 
ties S. S. S. of the magnetic sensor unit 101 may be 
expressed as follows, using the sensitivities S2, S2, S3, 
S3 of the magnetic sensors 102, 103. 

S.-S2,+S3. 
S-(S2,+S3)cos 0 
S=(S2,+S3)sin 0 
The sensitivities S2, S2, denote the sensitivities in the 

directions of sensitivity B. A respectively of the magnetic 
sensor 102, and the sensitivities S3, S3, denote the sensi 
tivities in the directions of sensitivity D, C respectively of 
the magnetic sensor 103. 

Referring to the above equations, if the range of the angle 
of inclination 0 is 0°-0<90°, then the direction of a magnetic 
field can be measured as a vector in three-dimensional space. 
If the angle of inclination 0 of the magnetic sensor chips 
107, 108 is smaller than 45°, then the sensitivity in the 
Z-axis direction S is lower than the sensitivity in the Y-axis 
direction S. Conversely, if the angle of inclination 0 is 
greater than 45°, the sensitivity in the Y-axis direction S, is 
lower than the sensitivity in the Z-axis direction S. Hence 
by setting the angle of inclination 0 to 45°, the sensitivity 
along the axis with the lowest sensitivity can be increased. 

This angle of inclination 0 can be set appropriately by 
changing the diameters of the electrode portions 110 and 
111, that is, by changing the protrusion lengths of the 
electrode portions 110, 111 protruding from the surfaces 
107a, 108a of the magnetic sensor chips 107, 108. 
By means of the above magnetic sensors 102 and 103. 

because pluralities of electrode portions 110, 111 are 
arranged in a row to protrude from the surfaces 107a, 108a 
of the magnetic sensor chips 107, 108, directions of mag 
netic sensitivity of the magnetic sensor chips 107, 108 are 
inclined with respect to the surface 105a of the circuit board 
105. So that a magnetic component in a direction intersecting 
the surface 105a of the circuit board 105 can be detected by 
the magnetic sensor chips 107, 108. 

Further, the electrode portions 110, 111 need only be fixed 
to land portions 115 of the circuit board 105, so that the 
magnetic sensors 102, 103 can be mounted on the circuit 
board 105 in an inclined state, without heating the entirety 
of the magnetic sensor chips 107,108. Hence fluctuation and 
degradation of the characteristics of the magnetic sensor 
chips 107, 108 can be prevented, and the direction of a 
magnetic field can be measured correctly. 

Further, by means of the above magnetic sensor unit 101, 
because magnetic sensors 102, 103 are used in which 
fluctuation and degradation of the characteristics of the 
magnetic sensor chips 107, 108 are prevented, the three 
dimensional direction of a magnetic field can be measured 
correctly. 

In this second aspect, the angle of inclination 0 of the 
magnetic sensor chips 107, 108 is set by changing the 
protrusion length of the electrode portions 110, 111 placed 
on one edge 107b, 108b of the magnetic sensor chips 107. 
108; but other configurations are possible, and the angle of 
inclination 0 may be set through the placement of the 
electrode portions 110, 111 with respect to the magnetic 
sensor chips 107,108. That is, as for example in FIG. 15 and 
FIG. 16, the positions of the pluralities of electrode portions 
110, 111 placed in a row may be shifted from the one edge 
107b, 108b toward the other edge 107c, 108c of the mag 
netic sensor chips 107, 108, to increase the angle of incli 
nation 0. In the case of this configuration, the electrode 
portions 110, 111 and the magnetic sensor elements 113 do 
not overlap in the thickness direction of the magnetic sensor 
chips 107, 108, so that when mounting the magnetic sensors 
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102, 103 on the circuit board 105, stress from the electrode 
portions 110, 111 can be suppressed, and fluctuations in the 
characteristics of the magnetic sensor elements 113 arising 
from this stress can be suppressed. 

Here, ifa is the length from the one edge 107b, 108b of 
the magnetic sensor chips 107, 108 to the positions of the 
electrode portions 110, 111 on the magnetic sensor chips 
107, 108, and b is the length from the one edge 107b, 108b 
of the magnetic sensor chips 107,108 to the other edge 107c, 
108c, then as shown in FIG. 17, the greater is the ratio of a 
to b, the larger is the angle of inclination 0 of the magnetic 
sensor chips 107, 108. Further, the rate of increase of the 
angle of inclination 0 is greater as a becomes larger. 
The values of the angle of inclination 0 in this graph are 

for a case in which the length b of one edge of the magnetic 
sensor chips 107, 108 is 2.0 mm and the diameter of the 
electrode portions 110, 111 is 300 um. Also, in order that 
short-circuits across electrode portions 110, 111 do not 
occur, the interval between adjacent electrode portions 110. 
111 is 200 um. 
As explained above, when setting the angle of inclination 

0, there is no need to change the size of the electrode 
portions 110, 111, so that the angle of inclination 0 can easily 
be set. 

Further, the two magnetic sensors 102, 103 are placed 
such that the certain edge 107b of one of the magnetic 
sensors 102 and the other edge 108c of the other magnetic 
sensor 103 are adjacent, and moreover the other edge 107c 
of one of the magnetic sensors 102 and the certain edge 108b 
of the other magnetic sensor 103 are adjacent; but other 
configurations are possible. For example, as shown in FIG. 
18, the two magnetic sensors 102, 103 may be placed such 
that the certain edges 107b, 108b of the magnetic sensors 
107, 108 are opposed. Or, for example as shown in FIG. 19. 
the two magnetic sensors 102, 103 may be placed such that 
the other edges 107c, 108c of the magnetic sensor chips 107. 
108 are opposed. 

Further, the other edges 107 c. 108c of the magnetic sensor 
chips 107, 108 are brought into contact with the surface 
105a of the circuit board 105; but other configurations are 
possible, and a configuration may be employed in which a 
cutout portion may be formed in the surface 105a of the 
circuit board 105, and the other edges 107c, 108c of the 
magnetic sensor chips 107, 108 are inserted into this cutout 
portion. In the case of this configuration, the two magnetic 
sensors 102, 103 can easily be positioned with respect to the 
circuit board 105. 

Also, in addition to simply bringing the other edges 107c, 
108c of the magnetic sensor chips 107, 108 into contact with 
the surface 105a of the circuit board 105, the other edges 
107c, 108c of the magnetic sensor chips 107, 108 may be 
fixed to the surface 105a of the circuit board 105 using 
solder. 

In the above-described aspect, an example was explained 
in which the directions of sensitivity A through D and the 
direction of inclination of the magnetic sensors 102, 103. 
and the directions of placement of the terminals 110, 111, are 
either parallel or orthogonal; but other configurations are 
possible, and the directions of sensitivity A through D and 
directions of inclination of the magnetic sensors 102, 103. 
and the directions of placement of the terminals 110, 111, 
may be at any arbitrary angle between 0° and 90°. 

Further, the magnetic sensors 102, 103 are both placed on 
the surface 105a of the circuit board 105; but other con 
figurations are possible, and it is sufficient that directions of 
sensitivity of each of the magnetic sensor chips 107, 108 
intersect. Hence as for example shown in FIG. 20, a con 
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figuration may be employed in which the other edge 108c of 
the other magnetic sensor chip 108 is placed on the rear 
surface 107d of one of the magnetic sensor chips 107, such 
that a portion of the two magnetic sensor chips 107, 108 
overlaps in the thickness direction of the circuit board 105. 
Or, as for example shown in FIG. 21, the other edge 108c 
and the electrode portions 111 of the other magnetic sensor 
103 are placed on the rear surface 107d of the one magnetic 
sensor chip 107, such that the entirety of the two magnetic 
sensor chips 107, 108 overlaps in the thickness direction of 
the circuit board 105. Here, electrical connection of the 
electrode portions 111 of the other magnetic sensor 103 with 
the circuit board 105 may for example be achieved via a 
bendable flexible wiring plate 114, or wiring placed in the 
interior of the one magnetic sensor chip 107 may be used to 
effect the electrical connection. 

When, as described above, two magnetic sensors 102,103 
are placed so as to overlap on the surface 105a of a circuit 
board 105, the mounting area of the two magnetic sensors 
102, 103 on the circuit board 105 can be made small, so that 
the size of the magnetic sensor unit can be reduced. 

Further, the electrode portions 110, 111 are formed from 
solder balls, but other configurations may be employed, and 
it is sufficient that the electrode portions 110, 111 protrude 
from the surfaces 107a, 108a of the magnetic sensor chips 
107, 108. That is, as for example shown in FIG. 22A, a 
configuration may be employed in which a solder ball 117 is 
placed on the surface 116a of the magnetic sensor chip 116, 
a ball is formed from gold wire on this solder ball 117, and 
the tip portion is cut to form a so-called stud bump 118, 
stacking to obtain the electrode portion 119. In this configu 
ration, as shown in FIG. 22B, the stud bump 118 adheres to 
the pad portion 115 of the circuit board 105. In the case of 
this configuration, by stacking stud bumps 118, the amount 
of protrusion of the electrode portion 119 from the surface 
116a of the magnetic sensor chip 116 can be changed, so that 
the angle of inclination 0 can easily be set. 

Next, FIG. 23 and FIG. 24 show a third aspect of the 
invention. The basic configuration of this aspect is the same 
as that of the magnetic sensor unit 101 shown in FIG. 13 and 
FIG. 14, but the configuration of each of the magnetic 
sensors is different. Here, the magnetic sensors in FIG. 23 
and FIG. 24 are explained; portions which are the same 
constituents as in FIG. 13 and FIG. 14 are assigned the same 
symbols, and explanations are omitted. 
As shown in FIG. 23 and FIG. 24, the magnetic sensor 

unit 120 comprises a circuit board 105 and two magnetic 
sensors 121, 122 mounted on the surface 105a of the circuit 
board 105. Each of the magnetic sensors 121 and 122 
comprises a magnetic sensor chip 123, 124, and a plurality 
of electrode portions 126 to 129 provided on the surfaces 
123a, 124a thereof. Similarly to those in the second aspect, 
each of the magnetic sensor chips 123, 124 measures a 
magnetic component of an external magnetic field, and is 
sensitive to magnetic components in two orthogonal direc 
tions along the surfaces 123a, 124a thereof. The electrode 
portions 126 to 129 comprise solder balls in which solder is 
formed into a substantially spherical shape, and are placed 
separated into two parallel rows. 
The electrode portions 126, 128 arranged in one of the 

rows are formed so as to be larger than the electrode portions 
127, 129 arranged in the other row. Consequently, with these 
electrode portions 126 to 129 adhering to land portions 115 
of the circuit board 105, each of the magnetic sensor chips 
123, 124 is inclined with respect to the surface 105a of the 
circuit board 105. 
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These two magnetic sensors 121, 122 are placed Such that 
the larger electrode portions 126 of one magnetic sensor 121 
and the smaller electrode portions 129 of the other magnetic 
sensor 122 are adjacent, and moreover the Smaller electrode 
portions 127 of the one magnetic sensor 121 and the larger 
electrode portions 128 of the other magnetic sensor 122 are 
adjacent. Consequently the two magnetic sensor chips 107. 
108 are inclined in opposite directions. These two magnetic 
sensor chips 107, 108 are inclined at the same angle of 
inclination 0 with respect to the surface 105a of the circuit 
board 105. 
By this means, the plane comprising the two directions of 

sensitivity of one of the magnetic sensors 121 intersects with 
at least one of the directions of sensitivity of the other 
magnetic sensor 122. 
By means of the magnetic sensors 121, 122 and the 

magnetic sensor unit 120, advantageous results similar to 
those of the second aspect are obtained, and in addition, 
when the numbers of electrode portions 126 to 129 provided 
on the surfaces 123a, 124a of the magnetic sensor chips 123, 
124 are determined in advance, by arranging the electrode 
portions 126 to 129 separated into two rows, the number of 
electrode portions 126 to 129 placed in each row can be 
reduced, so that the magnetic sensor chips 123, 124 can 
easily be formed. Hence the magnetic sensors 121, 122 and 
the magnetic sensor unit 120 can be made Smaller. 

In this third aspect, all the electrode portions 126 to 129 
of the two magnetic sensors 121, 122 are brought into 
contact with land portions 115 of the circuit board 105; but 
other configurations may be employed, and it is Sufficient 
that directions of sensitivity of the magnetic sensor chips 
123, 124 intersect. 

Hence the electrode portions 129 of one row of the other 
magnetic sensor 122 may be placed on the rear Surface of the 
one magnetic sensor chip 123. Such that a portion of the two 
magnetic sensor chips 123, 124 overlap in the thickness 
direction of the circuit board 105. Further, as for example 
shown in FIG. 25, the electrode portions 128, 129 of the 
other magnetic sensor 122 may be placed on the rear Surface 
123d of the one magnetic sensor chip 123, so that the 
entirety of the two magnetic sensors 121, 122 overlap in the 
thickness direction of the circuit board 105. 
As explained above, when two magnetic sensors 121, 122 

are placed, overlapping, on the rear surface 105 of a circuit 
board 105, the mounting area of the two magnetic sensors 
121, 122 on the circuit board 105 can be made small, so that 
the size of the magnetic sensor unit can be reduced. 

In the above configuration, electrical connection of the 
electrode portions 128, 129 of the other magnetic sensor 122 
with the circuit board 105 may for example be achieved via 
a bendable flexible wiring plate 114, or wiring placed in the 
interior of the one magnetic sensor chip 123 may be used to 
effect the electrical connection. 

Further, the electrode portions 126 to 129 are formed from 
solder balls, but other configurations may be employed, and 
it is sufficient that the electrode portions 126 to 129 
protrude from the surfaces 123a, 124a of the magnetic 
sensor chips 123,124. That is, as for example shown in FIG. 
26A, a configuration may be employed in which solder balls 
132, 133 the protrusion amounts from the surface 131a of 
the magnetic sensor chip 131 of which are equal are placed 
into two separate rows, and stud bumps 134 are stacked onto 
only the solder balls 132 in one row to form the electrode 
portions 135. In such a configuration, as shown in FIG. 26B, 
the solder balls 133 and stud bumps 134 of the other row 
adhere to the pad portions 115 of the circuit board 105. In the 
case of this configuration, by stacking stud bumps 134 onto 
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only the solder balls 132 of one row, the protrusion amounts 
of the electrode portions 135 can be changed, and so the 
angle of inclination 0 can be easily set. 

Further, the electrode portions 126 to 129 are separated 
and placed in two parallel rows; but other configurations are 
possible, and it is sufficient that placement be such that the 
surfaces 123a, 124a of the magnetic sensor chips 123, 124 
are inclined with respect to the surface 105a of the circuit 
board 105. That is, the electrode portions need only be 
placed on the Surfaces of the magnetic sensor chips arranged 
into a plurality of parallel rows along the surface of the 
magnetic sensor chip, with protrusion lengths decreasing 
gradually in the direction of placement of the plurality of 
OWS. 

In the magnetic sensor units 101, 120 described in the 
second and third aspects, the magnetic sensors 102, 103. 
121, 122 are sensitive to magnetic components of a magnetic 
field in two directions; but this is not necessary, and it is 
sufficient to use at least two magnetic sensors 102, 103, 121, 
122 to measure the direction of a magnetic field as a vector 
in three-dimensional space. That is, it is Sufficient that one 
magnetic sensor be sensitive to magnetic components in two 
directions, and that the other magnetic sensor be sensitive in 
one direction intersecting with the plane comprising the two 
directions of sensitivity of the one magnetic sensor. 

Further, the two magnetic sensor chips 107, 108, 123, 124 
are inclined relative to each other through the placement and 
sizes of the electrode portions 110, 111, and 126 to 129 of the 
magnetic sensors 102, 103, 121, 122; but other configura 
tions are possible, and taking the rear surface 105b of the 
circuit board 105 as reference, it is sufficient that at least one 
of the magnetic sensor chips be inclined with respect to the 
rear Surface of the circuit board so as to induce a partial 
change in the Sum of the height dimensions of the circuit 
board and electrode portions in the thickness direction of the 
circuit board. 

That is, for example as shown in FIG. 27, the surface of 
the circuit board 151 may be formed into a staircase shape, 
and electrode portions 143 of two magnetic sensors 141, 142 
placed on the top faces 151a of each of the steps, to 
configure the magnetic sensor unit 140. In the case of this 
configuration, the height from the rear surface 151b of the 
circuit board 151 to the top faces 151b of each of the steps 
differs, so that even if all the electrode portions of the 
magnetic sensors 141, 142 are formed in the same size, the 
magnetic sensor chips 144, 145 of the magnetic sensors 141, 
142 can easily be inclined with respect to the rear surface 
151b of the circuit board 151. 
A BGA (Ball Grid Array) in which solder balls 152 are 

formed as terminals on the rear surface 151b is used for the 
circuit board 151 of the magnetic sensor unit 140; but other 
configurations are possible. For example, in place of the 
solder balls 152, a PGA (Pin Grid Array) provided with grid 
pins may be used. 

Further, as for example shown in FIG. 28, a groove 
portion 155 may be formed in the surface 153a of the circuit 
board 153, and electrode portions 148 of a magnetic sensor 
147 placed on the surface 153a of the circuit board 153 and 
on the floor face (upper face) 155a of the groove portion 
155. In the case of this configuration also, the heights from 
the rear Surface 153b of the circuit board 153 to the Surface 
153a and to the floor face 155a of the groove portion 155 are 
different, so that the magnetic sensor chip 149 of the 
magnetic sensor 143 can easily be inclined with respect to 
the rear Surface 153b of the circuit board 153. 
The electrode portions 110, 111, and 126 to 129 were 

formed using solder balls, but it is sufficient that the elec 
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trode portions be formed comprising, at least, an object 
which protrudes from the Surface of the magnetic sensor 
chip; for example, electrode portions may comprise protrud 
ing portions formed by plating or by Screen printing to apply 
a copper paste. 

In the above, aspects of the invention have been described 
in detail, referring to the figures. However, specific configu 
rations are not limited to these aspects, but comprise design 
modifications and similar within a range which does not 
deviate from the gist of the invention. 
What is claimed is: 
1. A magnetic sensor, comprising a magnetic sensor chip, 

formed substantially into a sheet shape, which is sensitive to 
the magnetic field vector component in at least one direction 
of a magnetic field, and a plurality of electrode portions, 
protruding from the Surface of said magnetic sensor chip, 
which electrically connect said magnetic sensor chip to a 
substantially sheet-shaped circuit board, wherein 

the electrode portions are arranged in a row on the Surface 
of said magnetic sensor chip; 

the magnetic sensor chip has first and second edges 
Substantially parallel and opposite to each other, 

the electrode portions are arranged in a single row Sub 
stantially parallel and adjacent to the first edge; and 

the magnetic sensor chip is mounted on the circuit board 
with the first edge being in contact with the circuit 
board and with the second edge being apart from the 
circuit board so that the magnetic sensor chip is 
inclined with respect to the circuit board. 

2. A magnetic sensor unit, comprising two of the magnetic 
sensors according to claim 1, and a circuit board on which 
are mounted said magnetic sensors with said electrode 
portions in contact with the Surface, wherein 

the magnetic sensor chip of at least one of the magnetic 
sensors is sensitive to magnetic components of a mag 
netic field in two directions; and, 

the magnetic sensors are placed on said circuit board, Such 
that the direction of sensitivity of the other magnetic 
sensor chip intersects the plane comprising the two 
directions of sensitivity of said one magnetic sensor 
chip. 

3. A magnetic sensor unit, comprising two of the magnetic 
sensors according to claim 1, and a circuit board on which 
are mounted said magnetic sensors, wherein 

the magnetic sensor chip of at least one of the magnetic 
sensors is sensitive to magnetic components of a mag 
netic field in two directions; and, 

the magnetic sensors are placed on said circuit board, at 
least partially overlapping, such that the direction of 
sensitivity of the other magnetic sensor chip intersects 
the plane comprising the two directions of sensitivity of 
said one magnetic sensor chip. 

4. A magnetic sensor, comprising a magnetic sensor chip, 
formed substantially into a sheet shape, which is sensitive to 
the magnetic component in at least one direction of a 
magnetic filed, and a plurality of electrode portions, pro 
truding from the Surface of said magnetic sensor chip, which 
electrically connect said magnetic sensor chip to a Substan 
tially sheet-shaped circuit board, wherein 

the electrode portions are arranged in a plurality of 
parallel rows on the Surface of said magnetic sensor 
chip; and, 

the protrusion lengths of said electrode portions decrease 
gradually in the direction of arrangement of said plu 
rality of rows, and 
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a circuit board on which are mounted said magnetic 

sensors with said electrode portions in contact with the 
Surface, wherein 

the magnetic sensor chip of at least one of the magnetic 
sensors is sensitive to magnetic components of a mag 
netic field in two directions; and, 

the magnetic sensors are placed on said circuit board, at 
least partially overlapping, such that the direction of 
sensitivity of the other magnetic sensor chip intersects 
the plane comprising the two directions of sensitivity of 
said one magnetic sensor chip. 

5. A magnetic sensor, comprising a magnetic sensor chip, 
formed substantially into a sheet shape, which is sensitive to 
the magnetic component in at least one direction of a 
magnetic field, and a plurality of electrode portions, pro 
truding from the Surface of said magnetic sesor chip, which 
electrically connect said magnetic sensor chip to a substan 
tially sheet-shaped circuit board, wherein 

the electrode portions are arranged in a plurality of 
parallel rows on the Surface of said magnetic sensor 
chip; and, 

the protrusion lengths of said electrode portions decrease 
graudually in the direction of arrangement of said 
plurality of rows, and a circuit board on which are 
mounted said magnetic sensors, wherein 

the magnetic sensor chip of at least one of the magnetic 
sensors is sensitive to magnetic components of a mag 
netic field in two directions; and, 

the magnetic sensors are placed on said circuit board, at 
least partially overlapping, such that the direction of 
sensitivity of the other magnetic sensor chip intersects 
the plane comprising the two directions of sensitivity of 
said one magnetic sensor chip. 

6. A magnetic sensor unit, comprising a first magnetic 
sensor which is sensitive to the magnetic components of a 
magnetic field in two directions, a second magnetic sensor 
which is sensitive to the magnetic component of a magnetic 
field in at least one direction, and a Substantially sheet 
shaped circuit board on the surface of which the two 
magnetic sensors are mounted, wherein 

each of the magnetic sensors comprises a magnetic sensor 
chip formed in Substantially a sheet shape, and a 
plurality of electrode portions, protruding from the 
Surface of the magnetic sensor chip, which are brought 
into contact with the surface of said circuit board and 
are electrically connected to said circuit board; and, 

at least one of the magnetic sensor chips is caused to be 
inclined with respect to the rear surface of said circuit 
board, such that the direction of sensitivity of said 
second magnetic sensor intersects the plane comprising 
the two directions of sensitivity of said first magnetic 
sensor, and moreover a first Sum of the height dimen 
sions, in the thickness direction of said circuit board, of 
said circuit board and of said electrode portions at one 
portion of the magnetic sensor chip is different from a 
second Sum of the height dimensions of said circuit 
board and of said electrode portions at another portion 
of the magnetic sensor chip. 

7. The magnetic sensor unit according to claim 6, wherein 
a projection is formed on the front surface of the circuit 
board so as to form a stair-like shape on the front surface of 
the circuit board and the electrode portions of at least one 
magnetic sensor are placed on the top faces of separate steps. 


